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ABSTRACT 


Yellow perch (Perca flavescens) were sampled from Lac 
Ste. Anne, Alberta between March 1976 and July 1977. 
Parameters that were measured included body weight and 
length, gonad weight as well as protein, lipid, water, and 
caloric contents of the body. Qualitative changes in body 
composition were examined to determine the roles played by 
protein, lipid, and water, in changes in body weight. -Gonad 
protein and lipid contents were also measured. The coupling 
of qualitative changes in body composition with gonad growth 
allowed suggestions to be made as to the roles played by 
body poneteenes in gonad development. 

Yellow perch from Lac Ste. Anne showed increases in 
length and weight from June to January. Male and female 
Eeucwmoncing therpesccond yearn or life (i+), were similiar 
in length and weight. Twot females were longer and heavier 
than 2+ males. 

Condition of 1+ perch increased during June as well as 
between October and January in 1+ females and between 
January and March in 1+ males. For 2+ females, condition 
increased from June to September and from January to March. 
Twot males showed an increase in condition from June through 


August. followed-by a decrease until January and then an 


i 


incre 


- 


se from January until March. For all groups, 


condition decreased from March through June. ‘Changes in - 
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condition were not correlated with changes in total somatic 
energy content. 

Changes in total body weight were correlated with 
changes in total body protein content for 1+ perch and wit 
changes in total body water content in 1+ females and 2+ 
perch. The major increases in body water and body protein 
contents occurred concurrently in 2+ males only. 

Gonad growth began in August for 1+ and 2+ males, in 
September for 2+ females, and in October for. 1+ females. 
Increases in gonad weight continued until at least March. 
Most of the protein and lipid were deposited between 
September and March in the 1+ male gonad. Protein and lipid 
were deposited most rapidly between October ana January in 
the 2+ perch gonad. Twot ree utilized visceral fat. for 
testes development whereas 2¢ females used body protein and 
visceral fat in ovary development. In March, prior to 
Spawning.in May, the caloric content of the ovary was 


greater than that of the testes. 
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Temperate zone teleosts exhibit annual cycles in body 


cf 


growth and reproduction. Shul'tman (1974) suggests tha 
gonad maturation determines the timing and extant of body 
growth, in length and mass, by the demands nade of the body 
during germinal tissue development. According to Woodhead 
(1960), body growth and gonad growth are alternate 
aAGtEyIetes ingti sia) He postulates@thatethe magjgoritysef fish 
ine a seasonal decline in growth at the onset of 
maturation, the extent of which varies between species and 
Often between sexesoy Nakashima and Leggett (1975) state 
thavpeln, yel bowrperche (Percacfilayescens), -thetincreased 
energy demands related to gonad development in sexually 
mature fish may be important in terminating growth in the 
ak lee 

Alternate periods of body growth and gonad development 


OCCA IME UGOpeanmperche(Percaghibuviatalus)e(beeren,61954)> 


25 
=< — 


oe ee oe ee ee 


flavescens) (Nakashima and Leggett, 1975). In general, 
growth in weight and ‘length of European and yellow perch 
begins in June and terminates in September or October. 
Gonad development in European perch males begins in August 
(Letren 19519 Makarova;.1973) and insfemalkes, gonad weaght 
begins increasing in September (LeCren, 1951; Markarova, 


1973). Ovary weight of female yellow perch in Lake Michigan 
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begins increasing in September (Brazo et al., 1975). 
Seasonal cycles in condition have been observed in the 

European perch (LeCren, 1951), American plaice 

(fippoglossoides platessoides) (MacKinnon, 1972) and in the 


Se ee ee cee Se ee oe ae ee Se SS See on ee ue ee ene oe 


blue bream (Abramis ballerus) (Khashem, 1970) and seasonal 
cycles in condition have been correlated with gonad cycles 
(reCLeor malo.) eee crohet,Iou) Ssugqgests that, in ,ati least 
European perch, a decrease in body weight is made towards 
the build-up of the gonad as indicated by the decline and 
subsequent low level of somatic body weight (total body 
erate minus gonad weight) throughout the winter. Northern 
pike from Lac Ste. Anne lost body weight rapidly from March 
until spawning in May (Medford, 1976). American plaice 
Showed a large decrease in somatic body condition over 
winter when feeding had ceased and gonad epee Pe 
taking place (MacKinnon, 1972). 

The body mass of animals increases chiefly as a result 
of protein synthesis and therefore, from the 
physiological—biochemical standpoint, the growth of animals 
is primarily a result of protein synthesis ¢Shultman, 1974). 
Protein growth of fish has been investigated little. 

Markevich and Shatunovskiy (1969) and Shulman (1974) 
state that Lipid is the basic energy substrate in fish and 
that lipid is required for gonadal development. The 
involvement of lipid, and in some cases protein, with eoned 
development has been studied in a variety of fishes. 


The materials for the formation of germinal products 
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are derived from food and from reserves built up in the 
organism prior to gonad recrudescence (Shul'man, 1974). 
Shultman (1974) states that, in general, during the initial 
Stages of gonad development, fat content of the body 
decreases due to differentiation of germinal products and 
then, in females continues decreasing during vitellogenesis. 
In pike-perch (Stizostedion lucioperca) females (Golvanenko 
et al., 1970), Baltic cod (Gadus morhua callarias ) 


oe oe oe oe om (ne om ome em aD Se <0 Go Soe eae a Oe Se are 


(Khashem, 1970) and scorpionfish (Scorpanea por 
(Shchepkin, 1971), lipid reserves in the Mi eneena muscle 
are utilized for gonad development. Visceral fat and muscle 
fat reserves seem most important for gonad construction in 
fhe lUach” (RUtILUSerutitus) “(Vyatchanina, 1971), “lake 
whitefish (Coregonus clupeaformis) (Reshetnikov, 1970), and 
in Arctic Char (Salvelinus alpinus ) (Matsuk and Lapin, 
1972). Protein reserves as well as fat reserves are used in 
gonad development in Altantic herring (Clupea harengus) 
(Gakichko and Dubrovskaya, 1970) and in European perch 

(Nek atova, 919/3).. 

Relatively few studies cf energy storage and depletion 
have been conducted on freshwater species of fish. Makarova 
(1973) examined seasonal changes in body, liver and gonad 
protein and fat content of Perca fluviatilis. He found that 
the greatest activity of spermotogenesis, which occurred 


between August and October, was made possible by liver lipid 


and visceral fat stores. The largest increase in ovary 
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weight, which took place between October and April, occurred 
with a minimum expenditure of lipid and utilized protsin 
metabolism and exogenous lipid. Newsome and Leduc (1975) 
studied the effect of gonad development on body fat content 
of yellow perch from two Laurentian Lakes. They concluded 
that body fat was used for testes and ovary development with 
the fat requirement being greater for the latter. Craig 
(1977) examined the seasonal cycle of body composition of 
adult Furopean perch. He found that more of the body 
reserve was required for ovary maturation. 
| Many studies of body growth have been conducted on 
yellow perch (Harkness, 1922; Langford and Martin, 1940; 
Hile endeJobes, 19405 Johes, 41952; sGarlander, (19,50; Grimaldi 
andabeduc, 119 7%3y-aNey and Smith, .1975;-Eschemeyer, 1936, 
1937s,Fortin and Magnin, 19/72) <., 1It seems, sin generale that 
body growth of yellow perch occurs between June and 
September although Hile and Jobes (1940) found that Saginaw 
Bay yellow perch continued growing until December. Female 
yellow and European perch show consistently faster growth 
rates after the second year of life (McCormack, 1965; 
LeCreny 61958: -Canlanden, «1950; Jobes,.1952;.Hile and aobes, 
1940: Grimaldi and Leduc, 1973; Nakashima and Leggett, 
RM Aey Oe 

Yellow perch, a widely distributed species in North 
America, is of great importance to the sport fishery and of 
considerable importance to the commercial fishery. Yellow 


perch from Lac Ste. Anne were selected for this study since 
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large samples of individuals could be easily obtained 
throughout the year. This allowed study of the growth of 
yellow perch through the winter. No previous study has 
examined the growth of perch over a one year period. The 
qualitative characteristics of body growth, in terms of the 
involvement of body constituents with increases in body 
weight, have not been determined on this species although a 
large amount of information on the quantitative 
characteristics of body growth exists. It has been assumed 
but not shown, that for fish in general, increases in body 
weight occur with proportional and corresponding increases 
in all body constituents. 

In general, fish seem to use fat and/or protein 
reserves, located in different body regions, as substrates 
for gonad construction. Only Newsome and Leduc (1975) have 
studied the involvement of hody constituents with germinal 
whereas only Makarova (1973) has examined fat and protein 


Pal ticipation insgonad econstruction/ of the european psrch 
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timing of and extent of body growth in 1+ and 2+ yellow 
perch from Lac Ste. Anne through 1 year and to examine the 
involvement of body constituents with body growth and gonad 


development in these fish. 
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The ohject of this study was, therefore, to compare the 
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IT. Materials and Methods 
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Ae escription of § 
Lac Ste. Anne, a shallow eutrophic lake, is located 
approximately 74 km west-northwest of Edmonton, Alberta at 
approximately 1149 246° W longitude and 539 43' N latitude 
(Medford, 1976). The lake, which is divided into a smaller 
Wea te7n Dasinvandsa larger eastern basin, 1S about 57 km? in 
surface area with a maximum depth of 10 m and an average 
depth of 4,8 m (Department of Water Resources Hydrographic 


Survey of Lac Ste. Anne, 1965). 


Lellvove perches werercollected. between) Mareho 1559197 6. and 
July 3, 1977. Sampling was carried out with monofilament 
gilinets consisting of 15.2 m panels of 19, 25, 38 and 51..mn 
stretch mesh, with a 4.9 m semi-~balloon otter trawl and with 
a 7.6 m beachseine. Appendix Table 1 gives the times and 
methods of sampling. 

Upon capture, perch were immediately returned to the 
Fish Research Laboratory at Gunn, which is located on Lac 
Ste, Anne, where the entire sample was divided on the basis 
of sex (by presence of testes or ovaries) and age. Age was 


estimated from standard body length (body length from the 


tip of the snout to the hypural plate) (see Appendix Aj. 
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When the sample size permitted, twenty-four (24) individuals 
were selected at random from each age and sex group. If the 
sample size of an age-sex group was less than 24, then all 
individuals in that group were used. Standard length of 
each of these fish was measured and the left opercular bone 
was removed for age determination (LeCren 1947; Bardach, 
1950). The gonads were removed, blotted dry, and weighed to 
the nearest 0.001 g. Body weight was measured to the 
nearest 0.001 g after removal of the gonad, emptying of 
stomach and intestine contents, and blotting the body dry. 
A maximum of twelve individuals from each subsample was 
SGloctedeat randometor-drying; for l«to 2edays"at 70° cP to 
a constant weight. When there were less than 12 individuals 
in an age—-sex group, all individuals in that group were 
dried. Dry body weight was measured to the nearest 0.001 g 
and the body water content was calculated. The bodies were 
then ground individually with a standard household coffee 
mill and the resulting powder was transferred to a labelied 
vial. The vials were kept in a freezer at -—309 C until 
compositional analysis of the body was carried out. fhe 
remaining individuals were placed in numbered bags 
containing the gonad from that individual. These fish were 
then stored at —309 C. 

Standard length and total body weight (body weight 
including gonads and stomach and intestinal contents) 
measurements were made on all remaining individuals which 


were not selected for body composition analysis. Mean 
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condition (K = 100W/L3) of each age-sex group was calculated 
from the mean standard length (L) and mean total body weight 
(W) values for each age-sex group at each sampling interval 
(LeCren, 1951). 

Analyses of gonad composition were carried out on 
Ovaries and testes obtained from 1+ and 2+ perch collected 
between September 7 and March 2. The gonads used were taken 
from perch whose bodies were previousiy selected for 
compositional analysis. Gonads were dried in an oven at 70° 
C for 2 days. The dry weight of the individual gonad was 
measured to the nearest 0.001 g. The gonads were ground 
individually with a mortar and pestle. The resulting powder 


was placed in a prenumbered vial and stored at abeut 0° C. 


Ce Body Composition Analysis 

All body energy content determinations were carried out 
using a Parr Adiabatic Oxygen Bomb Calorimeter. Analysis 
was conducted following the procedure described in the Parr 
instruction Manual, Benzoic acid {Parr Instrument Company, 
Moline, Ill.) was used as a standard. Duplicate ignitions 
of benzoic acid pellets were conducted prior to each session 
of calorimetry to determine variability between sessions and 
ignitions. Weight of the pellet of body powder ignited 
depended upon the amount of powder present. When possible, 


pellets of about 1.0 g of body powder were used although 


pellets as small as 0.6 9 were burned. 
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Caloric values were calculated on a calorie per gram 
dry weight basis. Benzoic acid standard pellets had a mean 
GCareoraevon wWalve=(ftesljmor 24S 270812457 cals “over all 
sessions cof calorimetric analyses. 

Protein content of the body was determined using the 
Kjeldahl nitrogen determination method (Steyermark, 1961) 
(Appendix B). The % nitrogen value obtained was multiplied 
DY Oe2o tO dive che crude protein ‘concsntration which “was 
calculated as a percentage of the dry body weight (Kleiber, 
T3715)". 

Body fat and visceral fat contents were determined 
Goavimeericalilivyeror lowing the procedure of Folch vet al: 
(i9Sirr(see Medrord ,*1976) “(Xppendrx Cc) “Lipids were 
extracted by refluxing approximately 750 mg of dried body 
powder in a Soxhlet apparatus for 4.5-5 entire with | 
chlorofornm/ methanol (2:4). For visceral fat content 
determinations, lipids were extracted from dried individual 
viscera. The meets were taken from individuals which were 
selected for but not ground for body composition analysis. 

Gonad lipid content was determined spectrophoto- 
metrically using a modification of the method for total 
serum lipid concentration determination of Frings et al., 
(1972) (Appendix D). Gonads were analysed for protein 
content using the micro—Kjeldahl nitrogen determination as 


described by Steyermark (1961) (Appendix E&). 
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All determinations of body energy, body protein and 
body fat content were carried out during the month of 
capture. Five of the twelve vials from each age-sex group 
were selected at random for body composition analysis. The 
mean « x*¥jyand standard deviation ({s) for the analysis of body 
energy, body protein or body fat content of each age and sex 
group was calculated. These values were then inserted, as 
was the value of t at p=0.05 and df=4, into the equation:x=(s/Jn) 
(hb The 95% confidence limits were set at 3% of the mean 
ae: If the sample size obtained from the calculation was 
less than 5, then noeturther analysis of that component for 
PiatecrOupe waa done eit the sanple size obtained from the 
equation was greater than 5, then analysis as well as 
recalculation of the required sample size was carried out 
until 10 individual samples had been analysed or the 
calculated sample size was less than the number of 
determinations made. 

All data analysis was carried out using the computer 
services of the University of Alberta. Descriptive 
statistics (mean, standard error and standard deviation) as 
well as simple linear regression, correlation and analysis 
of variance were conducted uSing MTS software (SPSS; 
Statistical Package for the Social Sciences). Mean values 
were compared using the Duncan's multiple range test. 
Significant differences of means were accepted at the p<0.05 


level. 
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III. Results 
Annulus formation of perch from Lac Ste. Anne was 
completed between May 1 and June 1; therefore May 15 was 
designated as the beginning of the next year of life. 
Pie bOoVwG imac: d Wa omcOULec cue trom March 1976 to July 1977, 
body and gonad growth were examined over one year of life 


(June 1976-—June 1977) only. 


A. Body Growth 

Body growth of 1+ perch and 2+ males began in June and 
ceased in mid-winter (January-March). The larger increases 
in standard body length and total body weight took place in 
June and between October and January for 1+ perch and in 
July and between October and January for 2+ maies. Growth, 
in length and weight, of 2+ females occurred mostly between 
dune and October although body weight increased until March. 

Standard body length and total body weight of it males 
increased 26% (13 mm) and 153% (2.5 g) respectively in June 
and 24% (15 mm) and 79% (4.1 9) respectively between October 
andeaniaty shige, Veand  23eAppendix Tables 2 sand 73) 
Standard length of 2+ males increased by 9% (8 mm) in July 
and by 13% (13 mmjy between October and January (Fig. 1, 
Appendix Table 2). Total body weight for 2+ males increased 


by 90% (452 5g) inf duly and 338% (6.6 9) between October and 
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FIGURE 1. 


Standard body length of male yellow perch at 

Lag Ste. Anne. Meant ch.5) Ciltclesm oa. 

males; triangles - 1+ males. Points with no 
confidence limits shown represent mean values 

with confidence limits narrower than the width 

of the symbol used to illustrate the mean values. 
Means from different sampling periods are compared 
by Duncan's multiple range test. MA, - March 


2 
1977; JE, ~—~ June 1977. Means underlined at 
the same level are not significantly different 


(20505) 
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FIGURE 2. Total body weight for male yellow perch. 
Mean + 1 SE. Circles - 2+ males; triangles - 


J+ males. Statistical representation as in 
Figure l. 
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January (Fig. 2; Appendix Table 3). 

One+ males showed a greater increase in standard length 
(34 mm, 69%) between June 1976 ana January 1977 than did 2+ 
males (27 mm, 34%) (Fig. 1). The percent increase from June 
Pe OmcOomMarch (977 minetotal body weight, was larger in ‘i+ 
males than in 2+ males (573.0% and 131.5% respectively) 
although the absolute increase in weight was larger in 2+ 
De leom(i Zot Gelt one eget) (Fig. 2). 

Onet females grew 140% (2.4 g) and 25% (12 mmy in 
weight and length respectively during June and 171% (32 Uc) 
and 31% (22 mm) in weight and length between October and 
January (Figs. 3 and 4, Appendix Tables 2 and 3). Twort 
fenales increased 21.5 g (191%) in total body weight between 
June and October (Fig. 4, Appendix Table 3). The largest 
increase in total body weight occurred during September 
(OU ists. aoe: 56%) while the largest increase in standard length 
took place in August (18 mm, 18%). Between June 1976 and 
January 1976 1+ female perch increased 42 mm (84%) in 
standard length and 2+ females increased by 37 mn (42%). 
One temalesygrew 13./ 9 (812%) in total body weight whils 
ere rendleseincreased 22.7 Gg t2025). 

Total body weight increased between June and January in 
1+ females and between June and March in 1+ and 2+ males and 
2+ females. Forty-three percent of the increase in total 
body weight for 1+ males occurred between June and September 
and 52% of the increase in total body weight ene AS males 


occurred between June and September. Onet female perch 
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FIGURE 3. 


Standard body length of female yellow perch 

at) Lac Ste. Anne.) Means lsh, = Girclecee 

2+ females; triangles - 1+ females. Statistical 
representation as in Figure l. 


Range Test - 1+ 
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FICURE 4. Total body weight for female yellow perch. 
Mean + 1 SE. Circles - 2+ females; triangles - 
1+ females. Statistical representation as 
in Figure l. 
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Showed 25% of the increment in total body weight between 
June and Septemper. Twot females showed 61% cf the increase 
between September and March with 49% of the total increase 
in total body weight occurring during September. 

Perch captured as 2+ in June 1977 were much shorter and 
lighter than perch captured as 2+ in June 1976 but similar 
in size to perch captured as 1+ in October 1976 (see 
Appendix Tables 2 and 3). The difference in size between 
January and March 1+ perch, when compared with October 1976 
1+ perch and June 1977 2+ perch, may be due to sampling gear 
selleceaohien or to the absence of size groups of fish from 
the sampling area. October 1976 and June 1977 collections 
were made with gillnets, trawls, and seines, Whites ish were 
collected with-egilinets only in January and March. Since 
perch captured as 2+ in June 1977 were smaller, condition 
and body composition changes of 1+ perch were examined until 
January for females and until March for males. Onet+ females 
were not collected in March. 

Conde oOneCi mit peLche rOScedramatically ingwune, 
remained fairly constant through the summer, and increased 
between October and January in females and between January 
ana March Inemaless (Fig. 5). sthe condition of 2+ perch 
reached a peak in early fall, declined until January, and 
then increased until spawning in May (Fig. 6). Condition of 


perch from Lac Ste. Anne decreased after spawning. 
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FIGURE 5. Seasonal variation in condition of 1+ yellow 
perch. Circles - Males; triangles - females. 
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FIGURE 6. Seasonal variation in condition of 2+ perch. 
Circles - males; triangles - females. 
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Be. Body Protein Content 

Total body protein content (g protein/fish excluding 
gonad) was correlated with total body weight in male 
(r=0.99; p<0.001) and femaie {(r=0.98; »pv<0.001) perch. 
Increments, during sampling periods, in total body weight 
(see Figs. 2 and 4) and total body protein content (see 
PiGomaumand Oo) Weremcorrelated@tor J+ males (r=0.90$s p<0.01} 
and it females (r=0.99; p<0.01). The larger increases in 
total body protein content of perch from Lac Ste, Anne 
occurred during the months of greater increase in body 
length and body weight. 

The largest increase in total body protein content of 
Into voomOCCULBedmaULIMNG sIUune, T0548 90, 1714) {Filg. 7: 
Appendix Table-@).. Total body protein -content of 1+ fenale 
perch increased 82% (0.28 g) in June and 207% tmo9 3) 
between October and January (Fig. 8; Appendix Table 4). 

Total body protein content of 2+ males increased 44% 
(1.64 g) between June and October (Fig. 7; Appendix Table 
4). The more rapid increases in total body protein content 
GCCUST CUM INeDUNeeat 2 Om, Osta DG) eands July (352,70. 65.90). 
Total body protein content rose to a maximum of 4.80 g in 
March 1977 and decreased significantly to 2.83 g in June 
oes 

Total body protein content of 2+ females showed 
increases averaging 34% per month between June and October 
(Fig. 8; Appendix Table 4). A large decrease in total body 


protein content occurred between October and January (19%, 
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EICGUREM/. 


Total body protein content of males at time 
of collection.  Meangt leob.m) Circlecis 2 
males; triangles - 1+ males. Statistical 
representation as in Figure l. 


Range Test - 1+ 
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FIGURE 8. 


Total body protein content of females ats time 
Of collection. Meanwtel poh. | Circlhess as. 


females; triangles - 1+ females. Statistical 
representation as in Figure l. 


Range Test — 1+ 
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0.94 g) when body weight increased slowly and when gonad 
Voter Lier onsComerOnel.2ong 2G 2.92 -°9 (Fig. 16). Total 
body protein content increased by 40% Rr OR TIA TOATy to a peak 
value of 5.70 g in June 1977 while little body growth 


occurred. 


Ce Body Water Content 

Body water scoutent sof perch from Lac Stes Anne 
generally decreased over the summer and increased over the 
winter. Changes in body water content were greater in 2+ 
perch. Increments, during sampling periods, in total body 
water content see Appendix Table 6) (g H,O/fish excluding 
gonad} and total body weight (see Figs. 2 and 4) were 
correlated in i+ females (r=1.00; p<0.01), 2+ males (r=0. 96; 
DU. Otandeect females (r—-02933) p<0.03). 

The body water content (g H, 0/100 g wet body weight) of 
1+ perch did not change significantly between June and 
September (Figs. 9 and 10; Appendix Table 5). Large 
Significant increases in body water took place during 
September (1.19 4% 1,9 male, 1.16% H,O female) and per eeen 
October and January (0.92% ee male, 0.74% H, 0 female). 

Body water content of 2+ perch decreased from June to 
August, increased to January and then decreased until June 
(Eide) O77 Appendix Wable 5) o) Body water contents Of these 


fish were lowest in August and highest in January. 


Total body water content (Appendix Table 6) accounted 
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FIGURE 9. Seasonal variation in body water content of 
males’) sMeang ol mee LGLeSe—a7 ailiauec, 
triangles - 1+ males. Statistical 
representation as in Figure l. 
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FICURE 10. Seasonal variation in body water content of 
females: Mean + 1 SE. Circles - 2+ females; 
triangles - 1+ females. Statistical 
representation as in Figure Ble 
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for different proportions of the increase in body weight at 
different times of the year. Between June 1976 and March 
1977, the increases in grams of body Heka oe 1+ males 
accounted for 77.544+3.31% of the increases in total body 
weight. Water accounted for a maximim of 81.96% of the 
increase in body weight between January and March and a 
minimum of 63.00% of the increase in total body weight in 
septembers In 1*# females, water accounted for 77.5443.31% of 
the increases in’ total body weight occurring between June 
and January. Water accounted for a maximum 82.06% of the 
increase in total body weight taking place in September and 
a minimum of 73.94% of the August increase in body weight. 
For 2+ males, water accounted for 74510£20.10% of the 
additions in total body weight occurring between June 1976 
anGeWunecw i977 .6 Water accounted ELOr a maximum Of 102.134" of 
the increase in body weight occurring in September and a 
Minimum of 43.05% of the increase in total body weight which 
took place between January and March. Body water contents 
were responsible for 71.29+9.02% of the changes in total 
body weight which took place in 2+ aanenwee between June 1976 
and June 1977. Water contributed a maximum of 83.72% of the 
increase in total body weight which occurred in September 
and a minimum of 57.44% of the increase in total body weight 


which occurred between March and June. 
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De Body Fat Content 


Total body fat content was correlated with total body 
weight for male (r=0,75; p<0.001) and female (r=0.84; 
p<0.001) perch. In 2+ perch only, total body fat content 
declined with the onset of gonad development. 

PMS {gr satest increases in total body fat content of 1+ 
males occurred during July (0.04 g, 50%) and August (0.05 a, 
#2k%) resulting in a peak value of 0.17 g ins September 3( Fig. 
Wier venauceTADLem)). slotal body tat content feil 
Significantly to 0.11 g in October and then rose 
significantly by 42% to 0.16 g in March. 

The total body fat content for 1+ females increased 
PECteO a0 eC Tit VeetO Uso 6g ane OCtober (Pigs 127 Appendix 
Pablew/), the significant anda largest increase in total 
body fat content occurred between October and January (OSa2Z 
G, 92%)- One+ females showed a correlation of changes in 
total body fat content with changes in total body weight 
(see Fig. 4) (F=0.99; p<0.01). 

Tetal body fat eontent of 2+ males showed marked 
AHEreases over June (0.09 g, 38%) and July (0.15 g, 45%) and 
between January and March (0.10 g, 34%) (Fig. 11; Appendix 
fabie 6). There was a Significant decrease of 0.19 g or 40% 
in the body fat content between August and January while 
testes weight inereased (see Fig. 15). 

Total body fat content of 2+ females increased by 123% 
from 0,26 g in June to a maximum of 0.58 g in October (Fig. 


V2, AP PenO tee ap Le 7). A dramatic CLOpPsin tetal body fat 
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FIGURE 11. 


Total body lipid content of males at time of 
collection. waMegne is: eor eC Gelecu om males; 
circles - 1+ males. Statistical representation 
as in Figure l. 
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FIGURE 12. 


Total body lipid content of females at time 
of collection. Meang+ 1 SH. Circlless—a7a 


females; triangles - 1+ females. Statistical 
representation as in Figue l. 
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Range Test - 2+ 


Ag ali) aysy NU MA, SE OC JE, 


41 


HINOW 








IbLOL 


Qldil) Agog 


(9) 





G2 


content (0.18 g, 31%) took place between October and January 
when body growth increments declined and ovary weight 
increased by 200% (see Fig. 16). Total eae fat content 
Eveneitcreased to 0292 q)in June 1977 from 0-40°9 in 
January. 

When total body fat, total body protein and total body 
water contents were summed, they accounted for 95.604+1.95% 
of the total body weight increases for 1+ males between June 
1976 and March 1977, for 98.6447.47% of the increases in 
total body weight for 1+ females between June 1976 and 
January 1977, for 96.2141.94% of the total body weight 
increases for 2+ males between June 1976 and June 1977 and 
SOtLmco. C510. Oe none the gia Gees weight increases for 2+ 


females between June 1976 and June 1977. 


E. Soma 


= 


tic Energy Content 

Total somatic energy «kcal/fish excluding gonad) 
content was correlated with total body weight in male 
one. p<0.001) and female (r=0.96; p<0.001) perch. 
Changes in total somatic energy content and total body 
weight, between Sampling periods, were correlated in 1+ 
Males) (r-0.06-  p<0205)) (Seeukiaqs. 2 and sjmeand 91+ tenaues 
(r=0.83; p<0.05) (see Figs. 4 and 14). 

Total somatic energy content of 1+ males increased from 
JULY toe vanianby (Fig. J3,,hppendix Table 3). The 


Significant and greatest increase in total somatic energy 
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FIGURE 13. 


Total somatic energy content of males at time 

of collection. Mean 2-91 5E.. @Cimelesm es males; 
triangles - 1+ males. Statistical representation 
ashing figures. 
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content occurred between October and January (3.6 kcal., 
GVo2 ay s 

Changes in total somatic energy content in 1+ females 
were Similar to those shown by 1+ males although the 
increase in total somatic energy content of the females 
(11.3 kcal., 217.0%) was much greater between October and 
January (Fig. 14; Appendix Table 8). Total somatic energy 
COUeente tore le stenates increased over July (1.1 kcal, 22.3%} 
endedecreased sduring August (02.68 keal, 14.7%) . 

Total somatic energy content of 2+ males showed large 
increases between June and August (9.8 kcal, 104.4%) and 
Derwcen Janiaryeand Narche(da/ Kcal,) 25.5%) (Figs 13: 
Appendix Table 8). The decrease in total somatic energy 
content between August and October (1.6 kcal, 8.6%) occurred 
when total body fat content was decreasing and gonad wet 
weight was increasing. Total somatic energy content 
declined from the peak value of 23.1 kcal. in March 1977 to 
18.7 kcal. in June 1977 while total body weight and total 
body protein content decreased. There was no significant 
change in total somatic energy content between August 1976 
and June 1977. 

Twot females showed a large increase in total somatic 
energy content from 10.4 kcal. in June to a peak values of 
Zoe KCals AGPOGCtOper (Fig) Vis wAppennaxe tables) totaw 
Etlocalories then declined Wy on cael as.0e)) tows .6 kcal. 
between October and January while the only decreases in 


total body fat and protein contents took place. The sharp 
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FIGURE 14. 


Total somatic energy content of females at 

time of collection. Mean +1 SE. Circles 

—~ 2+ females; triangles - 1+ females. Statistical 
representation as in Figure l. 
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increase in total somatic energy content, between January 
anceounes 1977) (14.4) kcal - 60.9%) occurred with little change 
in total body weight or standard body length but with a 104% 
increase in total body fat content and a 44% increase in 
total body protein content. Total somatic energy contents 
did not change significantly between August and March. 

When total body fat and total body protein contents 
were multiplied by their calorific equivalents (Kleiber, 
1975) and summed, they accounted for 106.014+20.97% of the 
total somatic energy contents for 1+ males between June 1976 
aNndeharch 197) 29 for, 105. 23413.22% of the total somatic 
energy contents between June and January for 1+ females, for 
114.42411.51% of the total somatic energy contents for 2+ 
males between June 1976 and June 1977 and for 108. 47+10.24% 
of the total somatic energy contents for 2+ female perch 
between June 1976 and June 1977. 

Changes in total somatic energy content and total body 
weight were correlated for 1+ perch oniyauegthis maygbe a4 
result of the closer involvement, in these fish, of protein 
with changes in body weight. Asynchrony of changes in body 
fat and protein contents with changes in body energy content 
occurred during August, September, and January for 1+ males. 
These changes, as well as the non—proportional changes in 
body components with somatic energy content which occurred 
in other groups at various times, could have resulted fron 
changes in the ash and/or carbohydrate content of the body. 


Body content of these components was not determined. 
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Fo Gonad Growth 

Testes weight of 1+ males began rising in August and 
increased to 0.52 g in January, but decreased SIagntlys co 
Pa Omoetie archi (hi osm ioceAppendax Table 9). 

Testes weight for 2+ males began rising in July and 
showed an increase of 0.66 g (1471%) in August CG) 
Appendix Table 9). Gonad weight increased ae a Slower and 
constant rate from September to 1.20 g in March. 

OVaryQvelchvmor 7+ temales beqan) increasing in July. 
The most rapid increase in gonad weight took place in 
September (0.95 g, 304%) (Fig. 16; Appendix Table 9). Gonad 
weight continued increasing through March, at least, when 


the female ovary weighed 4.20 gq. 


Ge Gonad Composition 

Most of the fat and protein were deposited in the i+ 
male gonad between January and March while the 2+ males 
deposited fat and protein in the testes steadily from 
september through March. Protein and lipid were deposited 
in the 2+ female gonad mostly between September and January. 

(Discussion of gonad composition of 1+ female perch was 
not considered since gonads large enough to analyse were 
obtained in January 1977 only.) 

TO Ga Lego nan protein increased continually in the 2+ 


males from 0.11 g in September to 0.27 g in March whereas 
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FIGURE 15. Testes weight at time of collection. Mean 
ele cove. | Weresigkosy = 2+ males; triangles - 1+ males. 
Statistical representation as in Figure l. 
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FIGURE 16. Ovary weight at time of collection. sMeang ck. 


Circles )— 2+ stemalecs cr lanetecss ia females. 
Statistical representation as in Figure l. 
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phe 1+ male testes did not show significant protein growth 
until January (Table 1). Total testes protein content 
increased rapidly between October and January (43%) and 
between January and March (35%) in 2+ males and between 
Seprember and March w(@00%)ei1n 1+ males. 

Total gonad fat did not change significantly between 
September and March in 2+ males while, in 1+ males, total 
gonad fat content increased significantly between January 
and March (Table 1). Total testes fat content increased 
most rapidly (93%) between October and January in 2+ males 
and rapidly in September (100%) and between January and 
March §(92%) sin Jt) tales. 

Gonad water content of males did not change 
Significantly between September and March (Table 1). Only 
Total testes’ protein content (r=0.80; p<0.001) was 
Significantly correlated with increases in gonad wet weight 
for 1+ and 2+ males (see Table 1 and Appendix Table 9). 

Ovary protein of 2+ females increased from 0.07 g in 
Seprember et OO oegeimesarcn (Table 1) se Thesincrease in 
total gonad protein between October (0.13 g) and January 
(O<34%49) “Was Stgoniiecant. AlOtdliyovary provein content 
increased rapidly in September (86%) and between October and 
January (162%). Total gonad fat content increased 
continually from Septenber -(0F02-g) togharch=(0.27 gj) (Table 
lye the increase between October (0705 g}) and January (0518 
g) was significant and the most rapid (246%). Gonad water 


content of 2+ females did not change significantly between 
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September and January. For 2+ females, total gonad protein 
content (r=0.98, p<0.001) and total gonad fat content 
(r=0.96, p<0.001) were significantly correlated with wet 
gonad weight (see Table 1 and Appendix Table 9) 3 

Between September 1976 and March 1977, the sums of 
total gonad protein, total gonad fat, and total gohad water 
contents accounted for 104.4445.40% of the total gonad 
weight for 1+ males, for 101.03 +2.92% of the total gonad 
weight for 2+ males and for 96.02+1.05% of the total gonad 
weight for 2+ females. 
| Energy content of the March gonads was calculated fron 
addition of total gonad fat content multiplied by ifs 
calorific equivalent with total gonad protein content 
multiplied by its calorific equivalent. The 2+ female ovary 
contained 4425 calories while the testes of 2+ nales 
cContagnedatigeless energy, (2081,cai.j.) Ther 14 male gonad 
contained 911 calories which was 44% less than for 2+ males. 
Calories of total testes fat contributed 29% of the total 
gonad calories for 1+ males and 30% of the total gonad 
calories for 2+ males . Total testes protein contributed 71% 
of the total gonad calories for 1+ males and 70% of the 
total gonad calories for 2+ males. In the 2+ female gonad, 
however, protein contributed 51% of the total ovary calories 
while gonad fat contributed 49% of the total gonad calories. 
Total gonad calories represented 10% and 9% of the total 
body energy content (total somatic energy content plus gonad 


energy content) for 1+ and 2+ males respectively. The 2+ 
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perch ovary contained 14% of the total body energy content. 

Male perch used body fat as a substrate for testes 
development whereas body fat and protein were used byeee 
females. For male perch, only body fat content (Or fatys 100 Gg 
wet body weight) was significantly correlated (r=-0.36, 
p<0.001) with gonad wet weight (see Appendix Tables 9 and 
11). Body fat content (r=-0.47; p<0.001) and body protein 
content (g protein/100 g wet body weight) (r=-0.63; p<0.6001) 
were Significantly correlated with gonad wet weight for 2+ 
female perch (see Appendix Tables 9, 10 and 11). BOayerat 
aodeene of i+ males decreased significantly from 2.6% in 
August to 1.7% in January (Appendix Table 11) and body fat 
content of 2+ males decreased significantly (112%) from 3.4% 
in August to 1.5% in January. Twot female perch showed a 
Significant decrease in body protein content from Netenes: 
(16.9%) to January (15.1%) and a significant decrease in 
body fat content between July (3.0%) and March (uice sis 
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Visceral fat stores of 2+ perch were built up during 
July but, particularly in males, were markedly reduced in 
August when gonad weight increased rapidly (Fig. 17; 
Append ye eTanle 12) 7. 

Tig tetale Ss eViscenaiatat increased by 737% to 10.12) a 
in July but then dropped by 69% to 0.04 g in September. 
There was no difference in visceral fat content between 
SepeenhcrmaiceMarci erat conten’ Of the viscera of 2+ males 
represented a minimum of 5% of the total body fat in July 
ae @ maximum of 28% in August. 

iieecral, foxx content of 2+ females increased by 171% 
during July to 0.08 g in August and decreased to 0.05 g in 
March. The visceral fat store represented 7% of the total 
body fat content in July and 18% of the total body fat 
content in August. Visceral fat content was more constant 
between June and March in females and greater in females 
except in August when males contained 176% more visceral 
cere 

The involvement of changes in visceral fat content with 
changes in total body fat content was examined by 
Subtracting vieceral fat contents from total body fat 
cannons In 2+ males, the large increase in total body fat 
content occurring in July was due mostly to an increase in 
Visceral fat content. Total body fat content of 2¢ males 
did not change during August, although somatic body fat 


content (total body fat content minus visceral fat content} 
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FIGURE 17. Visceral fat content of 2+ yellow perch at 
time of collection. Mean + 1 SE. Cireles — 
2+ males; triangles - 2+ females. 
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increased. The increase in somatic body fat content in 
August occurred while visceral fat content decreased 
rapidly. In 2+ females, the increase in visceral fat content 
occurring in July was responsible for the increase in total 
Hody Cat contents’ Excluding July for 2+ females “and July 
and August for 2+ males, visceral fat content fluctuations 


aid not affect flucttations in total body fat content: 
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IV. Discussion 

Yellow perch from Lac Ste. Anne are intermediate in 
terms of length and weight at the end of the second and 
third years of life when compared with other populations. A 
large number of studies on growth of yellow perch have been 
conducted (Harkness, 1922: Eschemeyer, 1936, 1937: Fortin 
and Magnin, 1972; Grimaldi and Leduc, 13733 eNeyeandesmith: 
SI97S5 Pycha and@Smtenet1955: Langford and Martin 1940: Hile 
and Jobes, 1940; Jobes, 1952; El-—Zarka, 1959). 

Perch rronelaceste. (Anne, Sin the present study, showed 
differences in the timing of body growth when compared with 
other peuen populations. Although these perch began 
increasing in body weight and body length at the same time 
as other populations, they continued growing in the winter 
and showed 60.4% of the annual increase in total body weight 
between September and March. Hile and Jobes (1940) found 
that 77% of the total production of 1936-38 of Saginaw Bay 
yellow perch took place between September and December: 45% 
Of this production occurred in October. This is the only 
other study which documents growth of perch taking place 
after October and the only other study which involved 
Sampling perch during the winter. 

Growth in other populations of yellow perch takes place 
from June to September (Langford and Martin, 1940; Jobes, 


1352; —Pycha and Smith, 1955; Ney and Smith, 1975). tLecren 
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(1947) found that growth in Furopean perch from Lake 
Windermere occurred between May and October. 

Coble (1965) and LeCren (1958) have both provided 
evidence for the importance of temperature in regulating 
perch growth. Body growth in weight begins in the spring 
When water temperature reaches about 14° c. and seems to 
cease by September (Coble, 1965; El-Zarka, 1959; Fortin and 
NagnamAs1 972 alobes,) 11952)\7. siAccording to Medford (1976), 
Lac Ste. Anne reaches a temperature of 14° C..in mid-May and 
cocis below this temperature in mid-September. Therefore, 
although yellow perch from Lac Ste. Anne commence growth at 
temperatures similar to other perch populations, growth 
eontinues in these fish after the water temperature drops 
below se minimum at which perch growth generally occurs. 

Lac Ste. Anne male and female perch are similar, in 
terms of standard body length and body weight, to the end of 
ehetereecondgyvedasyolCelstfeponly-s LeCren (1958) also found 
little consistent difference in length and weight between 
young male and female European perch. He suggests that 
Bimilar growth between the sexes for the first two years of 


life is probably typical of perch in general. It also seems 


we ee Ge ee cme Se es ae Ge a eee Se SS ee ae oe ee ee 


show consistently faster growth rates after the second year 
GfelLitee(NeCormachyeileGS a LecrenweaISS<eCarlander, 1950% 
Jobes, 1952: Hile and Jobes, 1940; Grimaldi and Leduc, 


1973). 
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| Twot+ perch collected in June 1977 were much shorter (12 

mm, 41% male; 14 mm, 16% female) and lighter (Be 9rores 5S 
Date ocr g7585% female) than those collected as 1¢ perch in 
January and March. The larger 1+ perch were Si ioders ws oi 
length and weight, to the June 1976 2+ perch suggesting 
that, if growth had ceased, the 2+ perch of June 1976 and 
1977 would be similar in size. The smaller 2+ perch 
Obtained in June 1977 were similar in size to perch captured 
as 1+ in October 1976. The difference in size of the 
January 1+ females and January and March 1# males, when 
compared with the June 1977 2+ perch, may be due to sampling 
gear selectivity, the presence of more than one population 
in the lake, or to movements ofa fashe 

The increase in length and weight of 1+ perch between 
October and January may have been a result of growth in 
response to an increased level of primary production. The 
winter of 13976-1977 was atypical due to very little snow 
fall which allowed a high level of light penetration and 
consequently resulted in a high level of primary 
productivity. Nakashima and Leggett (1975) state that, in 
general, fish frequently respond to increased levels of 
production at lower trophic levels by increased growth 
rates. The absence, in June, of the larger 1+ perch may have 
been a result of a size-dependent mortality over spawning or 
a size-selective predation of these fish. 

Few workers (Shul'man, 1974: Brett et als, 1969) have 


Studied the changes in body composition which take place 
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with body growth. Growth in body weight for yellow perch at 
Lac Ste, Anne occurred mostly as a result of increases in 
body water content and increases in total body protein 
content although these increases occurred concurrently in 2+ 
males only. Changes in total body weight were correlated 
with changes in total body protein content in 1+ males and 
with changes in total body protein, total poey'’favt and =total 
body water contents in 14 females. Increments in total body 
weight were correlated with increments in total body water 
content only in 1+ female and 2+ perch. (Fat content of the 
body was smakl enough in all cases that Changes in it did 
not affect body weight.} For 1# males, grams of body water 
increased most rapidly in June and between October and 
Sanuary while the greatest increases in grams of protein 
took place in June and August. In 1# females, grams of 
Water and protein increased most between October ana 
January; in this period the increase in grams of water was 
5X greater than that of protein. In 2+ males, the increases 
in both total body protein and total body water occurred at 
the same time. For 2+ females, increases in grams of body 
water and protein were larger in August and September but 
the largest increase in total body protein content took 
Praceein- Allg usve 

For all sex and age groups, total body protein, total 
body fat, and total body water, when summed, accounted for 
96.8% of the total body weight increases during the periods 


of body cemposition analysis (June 1976—June 1977). Craig 
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M9oTTy reported Shee, on a wet weight basis, Furopean perch 
contained 6.2% ash and 0.13% carbohydrate and that the ratio 
of non-protein nitrogen to total nitrogen was 0.158. In 
this study of Lac Ste. Anne perch, nitrogen values were not 
corrected for non-protein nitrogen. Therefore the 
calculated protein values may be an over-estimate. This 
would result in an over—estimation of total body protein 
contents. 

When total body and gonad fat as well as total body and 
gonad protein contents were multivlied by their calorific 
equivalents (Kleiber, 1975) and then Summed, they accounted 
for 109% of the total body energy contents (kceal/fish 
including gonad) of yellow perch from Lac Ste, Anne between 
Sune 1976 and June G2ivm Gbaig. (1977) .foundssignificant 
differences between values for body energy content (keal/g 
wet weight) obtained by calorimetry and conversion with fat 
and protein with the latter being 7.2% greater. The 
over-estination of body and gonad protein content and of 
energy content by conversion of fat and protein may account 
for the calculated total body energy content of perch from 
Lac Ste. Anne being over 100%, 

Condition has been used to examine gonad cycles and 
alternating periods of growth in length and weight (LeCren, 
1951). Condition of 1+ male perch at Lae Ste. Anne changed 
little between July 1976 and January 1977 while condition in 
1+ females changed little between July and October 


suggesting that increases in body length and body weight 
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occurred at the same rate over these periods. The increases 
in condition in March for 1+ males and January for 1+ 
females occurred when large increases in total body and 
gonad wet weight took place. The changes in condition 
indicate that body growth of 1# perch was isometric in the 
Summer and allometric in the winter. Although condition in 
2+ males and females changed Similarly through the year, 
females tended to be in better condition than males. 
Condition reached a peak value in August for males and in 
September for females, just prior to the initial increases 
in gonad weight. Body growth of 2+ perch may have been 
allometric in summer since condition increased over the 
sunmer, 

A Se Thee Situation, condition increasing until gonad 
development begins, also existed in perch from Lake Frie 
(Jobes, 1952) and in European perch from Lake Windermere 
(LeCren, 1951). Lecren (1951), Khashem (1970) and MacKinnon 
(1972) all suggested that the body was involved with gonad 
construction since condition declined while gonad weight 
inereased. Condition declined, in 1+ male and 2+ perch from 
Lac Ste. Anne, while gonad weigkt increased but condition in 
these fish then increased in March prior to Spawning in May. 
Lake Windermere perch showed an increase in condition just 
prior to spawning which was due to increases in gonad and 
body wet weights ¢Letren, 1951). The drop in body weight 
and condition of perch from Lac Ste. Anne which took place 


after spawning also occurred in European perch (LeCren 
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71951) and northern pike (Medford, 1976). 

It has been generally assumed that a greater condition 
value indicates a larger energy content of an individual 
fish.e This does not occur in perch from Lac Ste. Anne. 
There was no correlation between condition and standardized 
values (100% component/mean standard length3) of total body 
fat, and total hody protein contents as well as total 
somatic energy content for any age sex group. Therefore 
condition may not represent a relationship between changes 
in body weight with body composition and condition may not 
be a good indicator of the energy content of a fish. This 
is contrary to the general assumption and to the results of 
MacKinnon ¢1972) which both suggest that the "plumper" the 
fish (the greater the condition) the more energy the fish 
contains and the better suited the fish is to its habitat. 
MacKinnon (1972) found in American plaice that, in general, 
changes in total body energy storage were correlated with 
changes in condition. 

According to Markevich and Shatunovskiy (1969), 
fluctuations in quantity and quality of fats are due to the 
fact that fats are the basic energy—producing material, 
ensuring the basal and active metabolism of fish, and 
development of the gonads and protein synthesis. Body fat 
seemed to be utilized as an energy source for gonad 
CONStHUCTION Pini +e belle and 2+ male verGhyticomseLastSte. Anne 
while 2+ females used body fat and body vrotein for ovary 


construction. Newsome and Leduc (1975) found that, in 
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Laurentian populations of yellow perch, body fat content 
decreased in both sexes from the time at which gonads begin 
developing until after spawning. The decline Taebodyetat 
content #as much more pronounced in these fish than in perch 
from Sac Ste, Anne and nerch from these Laurentian lakes had 
lower body fat content than perch from Lac Ste. Anne. 
Although the liver is closely involved with gonad 
development in many fishes, including European perch 
(Makarova, 1973), liver analysis of perch from Lac Ste. Anne 
was not conducted due to the small size of the liver and the 
presencevor a large numbersof sparasite cysts in) the liver. 
Paraerovar(io/3)) found = that, Jinvkuropean, perch;oliver stores 
GCferareand proteinwand visceral fat deposits were utilized 
for gonad CONS Friction. qemtouna that fat deposition began 
InN Vune withpthe fLommatilonsofevisceralstatadepositss Fiver 
and visceral fat depots decreased between July and October 
as the gonads developed to maturity stages III-IV. Kulayev 
(1927) (cited by Makarova, 1973) found that the greatest 
activity of spermatogenesis in Perca fluviatilis was made 
possible by depot lipids whereas the main increases in ovary 
weight take place with a minimum expenditure of lipids and 
utilized protein metabolism and exogenous lipid. Makarova 
(1973) "suggested) that the acctmulation of proteinvin the 
female perch gonad between October and March was made at the 
expense of liver protein. Makarova (1973), Love (1970), and 
NackKinnon (1972) suggest that, in non-fatty fish, protein is 


depleted after body lipid stores have been used up. 
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In 2+ perch from Lac Ste. Anne, visceral fat stores 
were intimately involved with germinal tissue construction. 
The behavior of visceral fat deposits of perch froneLace Ste. 
Anne iS Similar to that described by Makarova PASC) itepe 
European perch. In both populations, visceral fat depots 
were rapidly built up in the early summer and used up in the 
early fall. Males had twice the visceral fat of females in 
August and the overall rise and fall in visceral fat was 
more dramatic in males, Krivobok and Shatunovskiy (1971) 
suggest that the more intenstive accumulation and reduction 
OfaVisSceralatat,.. Which is observed in male penche. Es 
associated with greater activity of lipid metabolisn, 
especially phospholipid metabolisn, in the course of 
Seng eneee | 

In Lac Ste. Anne 2+ males, visceral fat is used for 
testes development in August whereas body fat is utilized 
for testes construction from September through January. 
Visceral fat and body fat were more egually involved in 
construction of the 2+ perch ovary. Changes in visceral and 
body fat contents were less dramatic and more protracted in 
ateLenales.. srhesutilizationy of viscenall fat meserves, for 
initial gonad construction, followed by depletion of other 
fase Crescnves muni the end of spawning, alsosoccurs an 
Atlantic herring (Gakichko and Dubrovskaya, 1970), lake 
whitefish (Reshetnikov, 1970), and Arctic char «Matsuk and 
TAD atm icelee |e 


Based on the data of Korde (1968), Makarova (1973) 
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suggests that alterations"of fat content of the muscles of 
the perch duplicates the alterations of fat content of the 
viscera. Therefore it seems that all of es body=sfatein 
perch may be used as an energy store. Makarova (1973) and 
Newsome and Leduc (1975) suggest that perch use body fat for 
gonad development and as an energy source for overwintering 
since immature perch also showed declines in body fat 
content during the winter. 

The differences in timing of deposition of fat and 
protein into the gonads of 1+ and 2+ males as well as 2+ 
female perch are probably a result of the demands that gonad 
construction makes of the body reserves. In 2+ perch, 
protein and fat are incorporated into the gonad most rapidly 
before January. The 1+ male gonad increases in protein anda 
fat most rapidly between January and March. If the demands 
made of the body by gonad development and overwintering 
occurred concurrently then it is possible that such a great 
energy drain might limit the number of 2+ or older perch 
which would survive to spawn. Newsome and Leduc (1975) 
found that the energy drain of the body of yellow perch 
females for gonad development resulted in a sex-selective 
mOrtality.9in March the 2+ female gonad of perch from Lac 
Ste. Anne contained 4425 calories which was 14% of the total 
body energy content. Although the i+ male testes represents 
aegreater!y percentage of the total body “energy? contentsin 
March than of 2+ males (10% and 9% respectively), the gonad 


of the 2+ male contains 2081 calories while the 1+ male 
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gonad contains 911 calories: 

In conclusion, the timing of body growth of perch fron 
Lac Ste. Anne is different for 1+ and 2+ males and females. 
The sexual dimorphism in body length and body weight which 
is prevalent in other populations of. perch also occurs in 
perch from Lac Ste. Anne. Increases in body weight 
continued until at least January for 1+ females and until 
January for 1+ males and 2+ males and until March for 2+ 
females. Body length increased until March in 1+ males, 
until at least January in 1+ females and until March in 2+ 
perch. Body growth, during the summer, was isometric for 1+ 
perch and allometric for 2+ perch. Weight increased more 
rapidly than length in the summer for 2+ perch. Body growth 
occurred as a result of protein and mostly water 
accumulation for all sex and age groups and, except in 2+ 
males, the larger increases in body protein and body water 
contents do not occur concurrently. Changes in energy, 
protein, or fat contents did not necessarily occur with 
concomitant changes in length and/or weight and the changes 
in total somatic energy content are not correlated with 
Changes in condition. Condition, then, may not be a good 
indicator of the energy: content of a fish. 

Gonad construction takes place at different times for 
the different. age and sex groups but all utilize body fat as 
the energy source for gonad construction. Females also use 
body protein for synthesis of reproductive tissue. Germinal 


tissue production is more demanding of the 2+ fish and 
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especially the 2+ females due to the size of the gonad 
produced, the degree of body constituent depletion during 
gonad construction, and the amount and quality of materials 


composing the mature gonad. 
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Appendix A. Age Determination by Standard Length 
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Perch from Lac Ste. Anne were distinctly segregated on 
the basis of standard body length during, at least, the 
Pirstetnres years of Life (Appendix Fig. 1). This allowed 
ageing from standard body length measurement. When 
individuals intermediate in size were present, the left 


opercular was removed and the exact age was determined. 
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APPENDIX FIGURE 1. 


Length - frequency histogram of 
October 1976 Lac Ste. Anne yellow 
perch. 


Open -— immature; circles - mature 
males; 
Lines - mature females. 
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Appendix B. Body Protein Content Determination 


Vials were uncapped and allowed to stand in a drying 
Oven at 70° C for one hour prior to removal of approximately 
100 mg of body power for hitrogen determination. 
Hydrochloric acid (0.1 N}) was Dr eParedetroned: lut—it 
analytical concentrate vials (J. T. Baker Chemical Company, 
Phillipsburg, N.J.). The acid was standardized by titration 
with O0.1N NaOH using phenophthalein as the indicator. The 
sodium hydroxide was previously standardized Dyeeutrating 
With 0.100 N potassium biphthalate using phenophthalein as 
Nels! ah ivebMechetehe gm | UNF Ty (Tris—(hydroxymethyl) -aminomethane, 
Fisher certified primary standard) was used to monitor 
accuracy and precision of nitrogen determination. Blanks 
were also run with each series of samples to correct for 
nitrogen contamination. 

Protein content was calculated as a percent of the ary 
body weight. THAM contained 11.0640.41% (led hateae SD} 
nitrogen. This value was 5.06% lower than the known nitrogen 


Concent. Go 7)mot the standard. 
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Appendix C. Body Lipid and Visceral Fat Content 


oe = om me ee Ome ae we eee eee ee = ou ee > ree ee ee ee ee ce 


oe re ur we ere ae ee es oe ee 


Prior to the extraction, vials of body powder or entire 
viscera were held in a gryanGyoven for A hour at’ 70° c Bnd 
then placed in a desiccator Overnight before weighing of the 
Sample. For each 15 Samples, duplicate blanks were run to 
correct for ertor due to non-volatile contaminants of the 
chloroform/methanol mixture. Single samples of a homogenate 
Of perch body powder were also rune aS a standard, with each 
group of samples of body powder or viscera. Fat content was 
calculated as a percent of the dry body weight. Visceral 
fat content was expressed as a percent of the viscera dry 
weight. The perch body powder standard used in all sessions 
of body lipid content determinations contained T2 26402 28% 
(Lean eee Lesh Sirprds The "pike gonad powder, used as a 
Standard in all sessions of visceral fat content 


determinations, contained 15.724+0.69% (heanws =1 (SD) tats 


teaseu? te Siowgee Bee 


? + 
' 
4 
’ 
j 
i M 
re 
H 
7 
i “ 
x 
| 


a . ; 
od wees oe eer 7 


stay Jnod ty gaa Sel eonetag a eee pee eae tes 


nf -sig> uta — eke Lad oon eno hennkns ese: 






















sguatenaen 


ny 7 Ed, wa 


_ a » DO 


vod Feue oy eee) b oee aeeeey ijedabae a: 

' elperceeu. ro seonene eae nce Le id a 
s¢eabias .col@udae UP Sane Set seigeeues 
alae YWhyc¢dn o>. sabe seae eee JO99THD we og 
nis» (Weweaty ened eet eeberonae 5 

> id cid otts hve sonete ybod Gaga og 


cha th oe es Bye PF rat Be ealqude te enesp 


4 =: he ee 20M INES TBE 

“upg os Febeny wie aeseg oye Sipe 

stich aie Sein vaeiies htakt ybad tae fra 
* hob Sang aen Saami Tae Eee asem - ae 


nen oe ae > ew *6 weaiesne fio° ‘we brebaete | - 2 





; ro an 
ara . cS a we 4 1 or 
5 a ri ig a ie Wh “ap 
ed i i$ - 7 
; Nerd (nee ' eo; 7% Ney he i 4 mehr 
Pe ro 
+. my : vah 






i 






ie, var 





; nha 


© 
o) 


Appendix DBD. Gonad Lipid Content Determination 

Vials containing gonad powder were held in a drying 
Oven vat aprroximately 709°C for 1 hotr and then placed in a 
desiccator overnight. Five milligrams of gonad powder was 
placed in each test tube after which 20 ul of absolute 
ethanol was added. Lipid analysis was then carried out 
aceocd i nige  OpPringscectea) se (1972) o | The absolute ethanol 
was prepared by refluxing 95% ethanol over Ng (OH), for 24 
hours. Refluxing removed all water from the ethanol. The 
change in the slope of the standard curve suggested that the 
ethanol began taking up water. Consequently, the standard 
curve for each run Was corrected, by adjusting values of 
standards of following runs to those of the initial run, 
before the fat content of the gonad Samples was eatcuiared 

Lipid content of each gonad was determined in 
duplicate. A standard homogenate of pike ovary was analyzed 
during each run to determine the variability of the 
technique. Prior to determining the fat content of the pike 
ovary homogenate using Frings! method, the lipid content of 
the pike ovary was determined gravimetrically after Soxhlet 
extraction. Using the Soxhlet extraction procedure, the pike 
OVaLry contained 16.6510.41% lapid. The pike ovary contained 
V6salto . So 7etmedn 1°50) (lipid eaccurding tol Pringse sme nod. 
The mean @ifference in fat content of the pake ovary,, as 
determined by both techniques, was 2.64%. The difference 


between the means was not significantly different (t=1.10) 
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at p=0.01 (1£f=14). Gonad lipid content was calculated as a 


percentage of the dry gonad weight. 
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Appendix E. Gonad Protein Content Determination 

Vials containing gonad powder were placed ina drying 
Oven at 70° C for about one hour and then held in a 
desiccator overnight. Pre-standardized hydrochloric acid 
(Certvrred Hydroch lorrve acid, solution N/100;," Fisher 
ScLenti tice 0, ) vaseuscoeto, titrate the distillate. The 
percent nitrogen value obtained was multiplied by 6.25, to 
give the percent crude gonad protein (Kleiber, 1975). 


Protein content of each gonad was determined in duplicate. 


90 


Gonad protein was calculated as a percentage of the dry 


gonad weight. THAM was used as a standard and over all runs 


Cantar ned OC G2 Wea (mean + 1 °SD)enitzogens This was 


7.12% less than the known nitrogen content of THAM. 
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Appendix Table 1. Dates of sampling and methods of collection 
of Lac Ste. Anne yellow perch. 





FISHING DATES GEAR USED 
[Wet golet TRSE Ie) SUL is GN. 
May /-135) 1976 GN. 
TANGaTE, aes ANS We GN. 
SSUGS Coats ASS ING GN. 
August 3-4, 1976 ey be Sa 
September 7-8, 1976 GN, TR. 
October 14-15, 1976 LR. 
January 22-238 1977 GN. 
Marehe 2-35 007 7 GN. 
May go le ue 2, LO fey Ot ERS Bis 
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